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III. ENGINEERING SCIENCE
DEVELOPMENT AND IMPLEMENTATION OF NON-CONTACT 
MEASURING MACHINE IN THE AUTOMOBILE INDUSTRY 
OF GM UZBEKISTAN
Khusnuddinov Fazluddin, Kholkhujaev Jasurkhuja
Turin Polytechnic University in Tashkent, Tashkent, Uzbekistan
Abstarct
The main goal of this project is the introduction of a non-contact measuring machine at GM Uzbekistan plants, which 
will greatly improve the quality of the cars produced. Increase their competitiveness in the world market, which will increase 
the export of products. An automated robot with a 3D scanner instead of a probe will be used as a non-contact measuring ma-
chine for determining and measuring geometric deviations.
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The quality of the products, the price and timely delivery 
of manufactured cars at GM Uzbekistan is the main require-
ment when choosing any product by consumers.  Quality of 
products depends on various factors. The products have to be 
controlled in all phases of manufacturing. The production of 
automotive parts, medical devices, sport equipment’s or any 
other body parts has to be controlled in all phases of produc-
tion. The main problem in the production of cars and in other 
industries today is a compromise between quantity and qual-
ity. The introduction of stringent product quality standards 
has now affected the focus of production using management 
and quality control methods.
In the production of cars, the quality of finished products 
depends on a number of factors, such as geometric deviations 
of the car bodies of GM cars and the product's symmetry. 
The most important usage is in sheet metal work-piece in-
spection. One of the latest invented techniques is a scanning 
method with laser devices or as we can further call Non-con-
tact Measuring Machine (CMM). Non-contact scanning or 
CMMs are said to be a new generation in metrology that 
includes high-speed automatic and manual measuring pro-
cess. Non-contact scanning itself divided into high-speed la-
ser single point triangulation, laser line scanning, and white 
light scanning. This method utilizes the laser beams or white 
light projected onto surface to not only measure size and po-
sition but also used to create 3D model of the part. These op-
tical scanners are useful for reverse engineering.
Also, it actually a future of CMM technology in terms 
of both the precision and speed, where the last is becom-
ing increasingly important nowadays. Today, most of the 
Non-contact scanners are mainly used to create 3D models 
of the parts in order to use them in the different industries. 
The purpose of these kind of scanners are mainly to create 
point cloud of geometric samples of object surface (Picture 
below).
Figure 1. Scanned part point cloud 
Methods of sensing and light source define the type of 
3D scanner. Here below are some important types: 
1. The time-of-flight 3D laser scanner that uses the 
method of difference in traveling time of light to detect the 
distance between the emitted and reflected light source. 
However, the main drawback and precision of this sort of 
scanner greatly depends on the how accurately can be mea-
sured the time.
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Figure 2. The basic method phase difference
2. Triangulation based 3D scanners use the basic prin-
ciple of triangles to find the distance between the point and 
the source. Laser beam is emitted in from the source and in 
the different place is put a camera (sensing surface). The data 
on the position of source, reflected angle and reflection point 
is known. They form a triangle with known length of one 
side of triangle particularly the distance between camera and 
light source and angles.
Figure 3. Basic principle of Triangulation in 3D scan-
ners
Moreover, there are also different type of methods that 
are in use and development today, but in our project will 
mainly focus on the non-contact scanning of just of this two 
methods. 
There are many researches done by Metrology com-
panies like Hexagon, Faro, Mitutoyo and Nikon metrolo-
gy. One research product that is of interest for the topic of 
this thesis that stands out to solve a long-standing problem 
that limited automotive manufacturing efficiency. The 360° 
SIMS system Figure 4. has been developed and designed for 
just this purpose. An automated 3D metrology and process 
control system, it is suitable for use either in-line or near the 
line, as a line bypass or in advanced measuring centers. The 
system’s fusing of innovative 3D area-measurement sensors 
mounted on industrial robots powered by advanced software 
has the capacity to allow customers to develop new, more ef-
ficient business processes.
Figure 4.  360° SIMS dual robot cell configuration em-
ploys 7-axis sliders to give robots access to all critical 
areas
Here below is the color mapped analysis or the result of 
360 SIMS dual robot cell with the precision of 2 microns.
Figure 5. 3D measurement of a BIW with color map
However, the combination of the Nikon Metrology Laser 
Radar with common industrial automation provides a unique 
alternative. A typical full BIW inspection solution consists 
of Laser Radars on each side of the vehicle, mounted on a 
6-axis industrial robot with a horizontal rail. These robots 
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are used to automatically reposition the Laser Radar to pro-
vide 360 degrees visibility around the vehicle.  The Laser 
Radar has a large measurement volume, meaning multiple 
features can be measured from a single robot position keep-
ing the number of robot movements to a minimum.
During our project we want to introduce of a non-con-
tact coordinate measuring machine at GM plants in Uzbeki-
stan, which will highly increase the quality of the cars. An 
automated robot with a 3D scanner instead of a probe will 
be used as a non-contact measuring machine for determining 
and measuring geometric deviations. For this purpose, the 
3D CAD and the actual model of each car are compared. The 
product will be delivered to the consumer only if the geomet-
ric deviations are within acceptable limits.
In order to create a prototype model, the first thing was 
to design the mathematical model of the future non-con-
tact CMM. The prototype model is aimed to be at first pre-
sentative than to be a small model of the actual non-contact 
CMM. The mathematical model of the robotic arm is of im-
portance in this type of non-contact CMM.  What we actu-
ally need during the design process of our robotic arm is to 
describe the possible position of a rigid body model. In the 
study of robotic arm, we are constantly concerned with the 
position of the objects in 3D space. These “objects” are the 
links of the manipulators, the parts and tools with which it 
deals, and other objects in the manipulators’ environment.
A robot manipulator consists of several links connected 
by, usually, single degree of freedom joints, say, a revolute or 
a prismatic joint. In order to control the end-effector with re-
spect to the base, it is necessary to find the relation between 
the coordinate frames attached to the end-effector and the 
base. This can be obtained from the description of the co-
ordinate transformations between the coordinate frames at-
tached to all the links and forming the overall description in 
a recursive manner.For this purpose, the material presented 
in the previous section for describing the position and orien-
tation of the rigid body is useful for obtaining composition of 
coordinate transformations between the consecutive frames. 
As a first step, a systematic general method is to be derived 
to define the relative position and orientation of two consec-
utive links. The problem is to define two frames attached to 
two successive links and compute the coordinate transforma-
tion between them.
Symbol Terminologies or DH parameters :
θ.  A rotation about the z-axis. 
d. The distance on the z-axis. 
a. The length of each common normal (Joint offset).
α. The angle between two successive z-axes (Joint twist)
The first step for analyze kinematics is to fix a refer-
ence-frame on each robot arm.
Motion of the joint changes the relative angle or position 
ofits neighboring links.
How to determine the reference frame.
In order to increase the redundancy of the Robotic arm 
we tried then to increase the DOM of the robotic arm add-
ing one more revolute joint to be able to access in different 
perspective. 
In fact to our project we need not just one robotic arm 
with the laser sensor on the tip but two of them in order to 
compare in the next step the deviations in the assembly line 
of the small car. 
As the project involves the evaluations of the differenc-
es in the production line it is obvious that we will need two 
robots with the laser distance meters in order to first do find 
the coordinates with respect to the first robotic arm coordi-
nates and then also to find the coordinates with respect to the 
second robot after the virtual assembly of the automobile. In 
the role of automobile we used a small model of BMW X6 
toy model. 
Here below in the picture . you can see the final design of 
the project. Below is assembled line that is used to move our 
small car model and the total view on project.
Figure 6. Final assembly
The process in the production plant   
After defining each parameter of Denavit-Hartenberg 
convention the project easily steps forward to taking the 
measurements from the real time model. Our model to mea-
sure is prototype small model of GM Uzbekistan Malibu. 
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The project as it is already explained works according to the 
scheme below:
1. The car arrives on production line to specially indicat-
ed places on the last stage of an assembly process of an au-
tomobile.
2. Q-R code scanner reads all the necessary information 
about the points on the car and also a different data.
3. Two robots simultaneously start to measure the points 
on the body of the car 
4. PC- based program gives the PASS or FAIL Result on 
the screen according to the points evaluated
5. Finish of inspection  
Until now the process of evaluation of points on the fi-
nal stage of the assembly process in the GM Uzbekistan plan 
is done manually or as visual inspection. Our project will 
greatly increase the quality at first and time in the second of 
production of an automobiles in GM Uzbekistan plants.
That is why our project start from the second stage of 
process of evaluating the points and involves the stage until 
the PASS or FAIL result. That means the stage with the ar-
rival of the automobile is omitted because of the lack of in-
terest in design of a just a line that arrives. 
The 1st step is important in the production and also for 
the project because of the exact point where automobile 
body should arrive is base points from which the two CMM 
robots will know where the automobile body is exactly in 
the CMM reference coordinate. 4 base points are pre-defined 
points in the reference system of CMMs.
Then the 4-base point mechanism goes upward from the 
help of hydraulics, as in the figure below 
Figure 7. Representation of 4 base points going upward 
The next stage is to read or scan all the necessary data 
about the car body from Q-R code. This sort of technology is 
already used in lots of companies and GM Powertrain plant 
in Zangiabad village also utilizes this system in CMM in-
spection of power trains. Q-R code is scanned from the mo-
tor block and PC based software reads the points, circles, 
surfaces and cylinders position with respect to base or null 
points. 
From figure above one can see that we will going to 
adopt almost the same existing system to read the data from 
the servers in the plant.
Figure 8. Possible point for Q-R code in the production
As one can see from the figure above there are mainly 11 
or a little bit more points to be evaluated with the method we 
are proposing in this thesis. The aim of the small model proj-
ect was to analysis the Denavit-Hartenberg methodology and 
design the a prototype of the model that could be applied in 
the industry. So, after reading the Q-R code the robot config-
ures its program according to the model of the car and starts 
the process of measurement. 
Figure 9. Measurement process
After the measuring each point regarding to the model 
and modification of a car program gives a report according 
to the GM standards in any form the customer needs. The re-
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port can be a similar one that uses the PC-DMIS program. 
Conclusion 
Results from a small-scale model of future-industrial ro-
bot has shown that it can be easily implemented with the 
big-scale real time robotic arm CMM. The application of 
non-contact CMM greatly enhances the available methods 
of inspection of an assembled car technology giving a num-
ber of advancements that is listed below:
• Total elimination of an operator’s error and interac-
tion in the inspection process of assembled car (Automation 
of a process) 
• Increase of the speed of inspection process com-
pared to the existing operator visual analysis 
• Leveling up the precision standards on the car body, 
increase of quality of car body surface
• Availability of online results on computer servers 
Implementing this kind of tool in the GM Uzbekistan 
plant will not just increase the quality of the products pro-
duced, but maybe help to apply automation in the quality 
control system of GM Uzbekistan and decrease the cycle 
time of each car produced.  
Quality of products depends on various factors. The pro-
duction of automotive parts, medical devices, sport equip-
ment’s or any other body parts has to be controlled in all 
phases of production.
The aim of the thesis is to show a new approach toward 
the enhancement of the production process and inspection 
systems. Future project that is going to be based on this small 
scale project and thesis will totally change the inspection 
process in the plant. 
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